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THE EFFECT OF BULBOUS BOW RETROFITS ON THE RESISTANCE
AND SEAREEPING OF A S0 METER FRESHFISH STERN TRAWLER

by

Clifford A. Goudey
MIT Sea Grant Program

and -

Angelos D. Heliotis
MIT Daepartment of Ocean Engineering

Introduction:

This report describes the research conducted at MIT on bulbous
bow retrofits applied to a Canadian trawler 50 meters in length.
This is the third vessel in a series of three trawler hulls included
in a larger study. The results from the other trawlers are presented
in a recent Master's Thesis.-by Heliotis(1).

The most significant part of the thesis and this report is the
ship model towing tank results. Experimental data and analyses are
gsupplemented by results from the MIT 5-D Ship Motions Program(2) and
results from a resistance regresaion model by Holtrop(3) as
implemented on computer by Sedat{( ).

The lines drawing of the 50 meter trawler(5) was provided by the
Canadian Department of Fisheries and Oceans together with information
oh the propulsion and operation of the vessel in its present
fishery. A4 4.5' model of the hull was constructed and a series of 12
bulbous bow retrofits were prepared.

Calm water model resistance tests were conducted on the bare hull
and then with each retrofitted bulb. All tests were done at constant
draft, i.e., the bulb configurations were of heavier displacement
than the original hull. The calm water results were compared and a
"hest® buld was selected for seakeeping tests, The bare and bulbous
models were temted in regular waves over a range of wave lengths at
both steaming and trawling speedew Pitch, heave, bow accelerations,
and resistance were measured. These results are compared with the
5~-D program predictions.

All bulbs were fitted to the maximum limits of the forward draft
and a regression model was used to explore the effectr of varying the
vertical bulb location. Propeller calculations were then used to
predict the effect on BHP requirements based on the performance of
the best bulb.



Model Construction:

The available lines drawing included only the water lines and
buttock lines. From these a section drawing was prepared as shown in
Figure 1.
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Figure 1. Section drawing of the 50m freshfish stern trawler

These drawings were photographically reduced to vield an image of
4.5' overall langth. Sea Tech Inc., of Hingham, Massachusetts was
contracted to construct the model from clear pine using these reduced
drawings, The hull was laminated from planks planed to the thickness
of the waterline spacing. To allow for ballasting, the hull is
hollow but with a minimum wall thickness of 1.0 inches. A strip of
0.030" walnut veneer was rabbeted-in along the design waterline.
After sanding to specified tolerances and fairness, the hull was
finished 'with multiple coats of marine varnish. The scale ratio of
the model was 35, 62 to 1. .

The buldb retrofits studied were cylindrical with hemispherical
caps. This geometry was selected due to its potential economy of
full-size fabrication and reports of some success with this type of
bulb on the U . §. West Coast(b). The parameters varied were diameter
and Toazhh, 1Y Mk wcre no.siticosed wit! Fhz2iec Yower 2dge aven
with the intersection of the forward perpendicular and an extension
of the bottom of the keel.
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Three bulbh diameters were used to cover a range of possible sizes
from 10 to 30 percent of the midship section area. The same bulb
retrofits used during the earlier trawler experiments were used on
this model. These were 2", 3.5", and %.5" in diameter and for this
hull the actual bulb percentages were 9, 18.5, and 30. 3,
respectively. In most cases throughout this report, they are
referred to simply as 10, 20,and 30 percent bulbs.

The hemispherical caps were machined on a numerically controlled
lathe from PYC round bar. Transition pieces were constructed from
PYC tubing to attach the caps to the hull. Lengthening rings of 0.5,
1.0, and 1.5 diameters were prepared to allow for variation of bulb
length. Each retrofit component was designed to be a press-fit with
its neighbor. The transition pieces were accurately fitted to the
hull and a thin application of silicone caulk at ¢ach joint was all
that was needed to keep the bulbs in place and watertight, A
description of each bulb is presented in Table 1. Figures 2 through
5 are photos of the retrofitted model during the testing.

H Bulb ! Percent | Diameter | Length Fwd. | Submergence

i Description | of A ! (feet) | of Stem(ft) | (feet)

R ettt e ————— - o o, ————— !
E 10% E 9.1 E 5.94 E 5.8 E -7.0 E
E 10% - 0.5D i 9.1 i 5. 94 E 7.8 i -7.0 i
E 108 - 1.0D i 9.1 i 5. 94 E 40. 7 E -7.0 E
i 10% - 1.5D i 9.1 i 5.94 E 13.7 g -7.0 g
i 20% E 18.5 i 10. %0 E 5.9 i -2.5 g
E 20% - 0.5D E 18.5 i 10. 40 E 11.1 E -2.5 E
E 20% - 1.0D E 18.5 E 10. 40 g 16. 3 g -2.5 E
i 20% - 1.5D E 18.5 i 10. 40 § 214.5 E -2.5 i
i 30% E 30.5 E 13. 37 é 6.7 i +0. & E
E 30% - 0.5D i 30.5 i 13. 37 i 13. 4% E +0. 4 E
E 30 - 1.0D i 30.5 E 13. 37 E 20.1 E +0. 4 i
; 30% - 1.5D i 30.5 ; 13. 37 i 26. 7 E +0. 4 ;

Table 1. Specifications of bulbs tested.

_3...



Figure 2. The 20% bulb with 0.5D ring.

Figure 3. The 30% bulb with no rings.
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Figure 2. The 20% - 0.5D buldb during celm water tests.

Figure 5, The 20% - 0.5D bulb during seakeeping tests.

_5_



Test Facility:

The KHIT 3hip Model Towing Tank is 4108' long, B8' 7" wide, with a
normal water depth of 4* (7). The towing carriage is instrumented
for resistance and motions measurements. One end of the tank is
fitfed with a wave EZenerator while the other end has a wave absorbing
"beach"”. Regular waves and various sea spectra can be developed.

Test Procedure:

To insure a proper transition from laminar to turbulent flow, a
row of turbulence stimulators was attached to the hull 4X of the LWL
behind the atem. These were comprised of 0,125" diameter by 0. 062"
long studs spaced 0. 25" apart. When the bulbs were attached, the row
of studs were continued in a vertical line around the transition

piece.

The base hull was floated in the tow tank and ballasted to ita
design water line. Lead billets were used and fixed in place with
clay. The correct displacement was then verified by weighing the
ballasted model.

The towing carriage force block was attached to the inside of the
hull at the canter of floatation, on the centerline, and in a
vertical position such that the force applied to the model would be
approximately in line with the location eof the propeller shaft, The
force block is designed to pivot about the piteh axis and ia attached
to air-bearing heave rods to allow for vertical motions. The model
ieg restrained from roll, sway, yaw, and surge relative to the
carriage,

The model wae towed over a range of ship speeds from 3 to 15
knots. The order of speed selection was randomized and five minutes
elapsed before commencing the next run or until all waves from the
previous run dissipated. The actual gpeeads of each run are
tabularized in Appendix A.

The procedure was repeated for each bulb retrofit. Ballast was
added to the bow to counteract the buoyancy of the bulb. In Bome
cases, the overall ballast arrangement had to be adjusted due to the
forward location of the bulbsa.

As noted in Table 1, the top sBurface of the 30X bulb was above
the still waterline due to its size relative to the forward draft
At all towing speeds this bulb became submerged.

The seakeeping teests were done in a similar manner except that
the placement of the ballast in the model was done to yield a
longitudinal radins ~f gyrati-~n ~f 01 25 of the model length. Runs
weire made av. snip wpeeds ol i..3 kaots aad .0 knots to represent
reported steaming and trawling conditions. Wave lengths from 0.7 to
3.0 times LWL were generated. Have heights were wmaintained at a

constant SX of the LHL.
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Since the pitch and heave response of a trawler is clearly
affected by the presence of the trawl gear during travwling, this
effect was simulated during the tank tests. A parachute-type drogue
with appropriate drag characteristics was towed from a point on the
transom centerline at the main deck. Thirx was kedpt submerged by a
weight at the junction of the tow wire and the drogue. The weight
was equivalent to the weight of two appropriately Bized trawl doors
and produced a vertical warp angle of approximatety 20 degrees. The
set-up is diagrammed in reference 1.

Pitch motions, heave motions, bow accelerations, and wave height
were recorded during each run, The accelerometer was located on the
01 deck at station 10 1/2.

Calm Water Results:

The medel drag at each calm-water speed is presented in the
tables of Appendix 1 together with the nondimensionalized values and
the acaled-up results. These results are presented graphically in
Appendix 2 where comparisons among the various bulb lengths are
included.

Figure b shows the effect of bulb size on EHP for speede of 10,
11.9%, and 13 knots. Attempts to interpolate between the discrete
bulb sizes should be discouraged, however the advantage of larger
bulbs at higher apeeds is evident.

To demonstrate more clearly the importance of operating speed on
optimum bulb selection, the EHP changes for the three buldb diameters
are presented versus speed in Figure 7. This reveals that the 20%
bulb offers an advantage over the range of speeds above 4 knots. The
10% bulb is superior to the 20% bulb at the lower speeds, however
above 10 knots its effect is diminished, becoming a detriment above
11.5 knots. The 30% buldb is a clear detriment at lower speeds due to
its large wetted surface but offers an advantage above 11.9% knota.
Above 13 knots and beyond the range of the graph, the 30X bulb is
moat beneficial,.

In Figures 6 and 7, the best length bulb for each diameter is
used in the comparisons. It can be seen in Appendix 2 that the
effect of length variations is more important with the 20 and 30
percent bulbs. We should recall however that the length increments
are based on diameter and the actual length variations of these
larger bulbs were quite extreme (s2ee Table 1).

To better visualize the effects of length, the results of the
four 20% bulbs are shown in Figure 8 in terms of EHP changes relative
to the bare hull. From this it can be meen that the 0.5 D. ring
- .aapts the grentcest potertial over the speeds n€ intezrest. Only
ine shortest version offers no benefits over the speed range covered.
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Regular wave Results:

From the recorded data the average pitch and acceleration
responseg were determined for sach regular wave length. For the
cruising speed, the non-dimensionalized pitch results are shown in
Figure 9, Comparing the 20% bulb with the bare hull we can see the
bulb'es apparent effectiveness in reducing pitch at wave lengths less
than two ship lengths. Above this point the bulb seems to be a
disadvantage.

z - ——— e p— —_—

1.9
1.8 - 5-D Predictions

1.7 - — — = - No Bulb
18 20% Bulb
1.5 = n | o}
1.4 -~ Tow Tank Results o E
1.3 - + o
8 1.2 - + = No Bulb 3 +
- L —— — —
ﬁi M @ - 20Z Bulb e
G.9 -
0.8
0.7
0.6
0.5
O.4
0.3
0.2
0.1
0

AL

Figure 9, Pitch reaponse at a cruising speed of 11.5 knots.

Figure 10 i=s a similar presentation of bow accelerations. The
significance of the bulb is more evident since the higher frequencies
associated with the shorter wave lengths are important with respect
tc accelerations and crew comfort.

As would be expected, the pitch response levels-off at the longer
wave lengths asg the vessel begins to ssimply follow the slope of the
wave gurface. The lower frequencies in this region cause the
accelerations to diminish and little difference is found with the
bulb.
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Figure 10, Vertical bow accelerations at 11.5 knots,

The results at a trawling speed of 3.0 knots are presented in
Figuresa 11 and 12. Here the effect of the bulb, if any, is not
evident, The presence of the trawl-simulating drogue cauges the
motionas to become more complicated than would occur with the trawler
Alone, The frequent coincidence of bare and bulb data suggests an
unusual system response which is not effected by minor changes in the

hull form.

We are unaware of any previous experiments of this type other

than those reported in the thesis by Heliotis(1). Trawl interaction
with vessel motion is an aresa where research is obvipualy needed.
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Added Resistance Results:

Vesgsel motions affect powering requirements therefore resistance
measurements were taken during the seakeeping tests. The results are
presented in Figures 13 and 1% in terms of non-dimensionalized added
resistaneeo@,, defined by:

Oy = _R_-_Recalm_
f’gB’/Lja

Figure 13 shows that in a seaway, the 20% bulb experiences more
added resistance than the bare hull counterpart. However, since the
results- are based on the difference between the measured resistance
and the corresponding calm-water resistance, the net effect is less
important since the 20X bulb has less resistance to begin with.

At the trawling speed the results are uninterpretable due to the
complex response caused by the drogue/vessel system. In this case,
the resistance found while towing the drogue in calm water is used in
the comparison.

]

5-D Predictions
7 7 — — — — No Bulb
o - 20% Bulb 6 g

Tow Tank Results a
5 - +

+ - No Bulb 4 +
&
-*
y 4 @ - 20% Bulb O g
[S)
¥y -
2 —
o
+
1 —
&
o ) | [ ¥ L 1 Ll 1 1 i 1 ] 1 1 1
0 0.4 o8 1.2 1.8 2 2.4 28
"M
Figure 13. Added resistance at a cruising speed of 11.5 knots.
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Figure 14, Added resistance at 3.0 knots with drogue.

5-D Motions Program Results:

The MIT 5~-D Ship Motions Prediction Program(2) was run on the
bare hull and the 20%-0.5D bulb over a range of regular waves
comparable to the tow tank experiments. These rung were for the
cruising speed only since the prog&ram is unable to include the

_effects of a towed object,

The results are plotted in Figures 9, 10, and 13 for comparisocn
with the experimental data. The program results clearly show the
pitch damping effects of the bulb retrofit. Reasconable agreement
Wwith the tow tank results are found, especially in the shorter wave
lengths for pitch and the longer wave lengths for accelerations.
There is gome disagreement in results for added resistance in the
vicinity of the peak.

The similar trends between the experimental and computer results
are encouraging. The differences in actual response values could be
due to the fact that the 5-D program is best suited for more slender
ships than the one under consideration.
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Effect of Bulb Height:

Exploring experimentally the effect of bulb height was beyond the
scope of this research. To gaein some insight into the possible
advantage of vertical locations other than those tested, a regression
model was used. The model is based on a compilation of test results
from the Netherlands Ship Model Basin{(3) and an implementation in PC
BASIC was obtained from Webb Inatitute. The model includes bulb area
and centroid height above the baseline as parameters. It is doubtful
however, that it was intended for use on trawler-type hulls.

The results of a series of runs with and without bulbs are
presented in Appendix 3. Most noticable is the underestimation of
the 50m trawler's resistance hased on the hull description.

Comparing the bare hull with the 10% predictions at 11.5% knots,
the relative benefits of the bulb forma are in remarkable agreement
with our experimental results. Further, we might interpret that a
slight improvement could be gained by moving this small bulb closer
to the surface by two or three feet.

The predictions for the 20X bulb show little change from the bare
hull values at 11 and 12 knota. At higher speeds the buld is
beneficial, Similarly, the 30% bulb is of little use except at these
high speeds. Using 15 knot results as a guide, it seems that the
5.0' height used in the experiments is suitable, The 30% wvalues
suggest that our forward draft limitation was restrictive and
dropping the bulb by two or three feet might be helpful.

Power Requirement Calculations:

The calm water reduction in EHP requirements with the 20% -, 05D
bulb at 11.5 knots is 52 horsepower as shown in Figure 3. From
Appendix 2, the bare hull EHP at that mpeed is 600 horsepower. The
net effect on shaft horsepower (SHP) is dependent on a variety of
efficiencies and conditions which can be calculated or estimated,
They are summarized in Table 2.

The SHP reduction of the retrofit bulb depends upon the operating
regime of the engine. If the propeller turns are maintained at full
RPM the propeller efficiency changes very little and the reduction
remaine at 10%. If a more moderate RPM is allowed the reduced
resistance allows an improved propulsion efficiency and the net
reduction in SHP of 13. 3%.
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! Parameter | Bare Hull H With 20% - 0,5D Bulb |
R btttk e mm— e ——— —— e m ettt itk b et P !
' EHP ! 600 ! S48 '
r ] ] 1
(] [] ) L]
H L ! 19. 42 ft/sec ' 19. 42 ft/sec :
] [] i ]
[} ] 1 ]
! w (8) H . 245 ] . 245 '
¥ ] ] 1
[} ] 1 ]
1t = 0.95w .233 ' .233 "
1 ) 1 1
] i 1 ]
1 l"‘t ]

- 1.016 ! 1. 016 ;
| q“ [~ ' " '
1 [ ] 1
: s : 0. 98 ! 0.98 !
[] 1 1 1
[ ] 1 1 1
' r : 4. 02 ! 1.02 '
1 1 1 [}
L] 1 1 [}
! Vp = (-w % | 14. 665 ft/sec ! 14, 665 ft/sec !
1 ] 1 ]
] ] ] 1
! D ' 9.022 ft ' 9.022 ft !
1 1 N ] 1
[] 1 1 []
H R ! 16,990 1bf i 15,520 1bf '
] ] ] ]
] 1 1 [
! T = R/(1-t) ! 22,150 1bf ! 20,230 1bf H
1 ] 1 1
1 L} 1 [}
! ‘P ! 1.993 sluge/ft ! 1.993 slugs/ft |
1 1 [} [}
1 1 L] 1
: Rt/ 3% ' 0. 635 : 0.580 '
: | weemmmmm e — e ——— e ittt il et d e A i
H RPM ) 200 ! 150 1 200 : 150 ]
H e t—m o m - - )
' J ' 0. 488 ! 0. 652 ! 0. 488 ' 0.652 :
1 ] ] []
¥ [ ] 1 1
! P/D ! 0. 760 ! 1. 140 ' 0. 740 H 1. 090 I
] ) 1 ]
1 1 1 []
! e (9! 0.550 | 0.560 | 0.553 |  0.580 |
] ] ] )
1 1 1 ]
! SHP H 1074 ' 1054 ' 975 ' 330 :

Table 2. Power Calculations,

Conclusions:

Our results indicate significant reductions in SHP requirements
for the simple bulb designs we tested. It is also evident that if
this vessel was operated at a speed/length ratio more typical of
trawlers, the benefits would be much g£reater. For example, FiSure 8
predicts EHP reductions of over 165 horsepower (17X} at 13 knots.
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The simple shaped bulbs included in this study are crude compared
to the carefully formed bulb commonly seen on merchant ships and
naval vessels. We feel that the complication of fabricating the
latter type is inconsistent with the construction practices used for
most fishing vessels.

The calculations of SHP summarized in Table 2 are based on the
information available. The wake fraction and thrust deduction were
estimated from data related to ship hulls. In addition, the
Propeller efficiencies are based on B-Series data since the
specifications of the nozzle were unavailable. Propeller B 4-85 was

assumed.

In general, the reduced propeller thrust required for the
retrofitted vessel at steaming speed should result in improved
propulsive efficiency.

Since the resistance and SHP requirements are based on constant
draft rather than constant displacement, the results presented here
may be conservative. Increased paylocad due to the bulb's volume may
be possible. Conversely, if stability conditions allow, the buoyancy
of the bulb could be used to decrease the forward draft and allow
further resistance reductions,

-18-
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Appendix 1

Tabulated Towing Tank Results.
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Appendix 2

Graphs of EHP veraea Speed.
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Appendix 3

Results of Resistance Regression Model.



164" Hull. No Bulb

INFUT DATA:

LWk Ta T+ VOLUME R Cm Cwp LCE% F/D est.

150 1.0 10.1 40504 38.5 .91 .BZ -2.40 65

DI1A Hb At 2+l Sapp Cetern ¢t Nprops BAR est.

10,0 0.0 0.0 1.5 154.0 +0 T4.0 1 - 6T

Virte Wt F¥ Rw Rapp Rl Rtr Fa Rtota EHF

1.0 .22 e T ToTTTTTTETT +0 +1B  +13 %5 0.3
2.0 .22 234 C & +0( +468 +5 o9 2.2
3.0 .22 494 Q 1= +0 +142 +114 765 7.0
4.0 22 844 ¢ 2% +0 +23 +202 1203 16.0
5.0 .22 1277 Q 4 +0 +I56 +31& 1963 0.1
6.0 22 1791 2 48 +0 +4472 +435 2738 590.5
T.0 W22 2385 264 o4 +0 +545 +4619 I&63T 78.1
g.0 .22 057 102 82 +01 +&24 +809 45846 115.1
2.0 .21 F80% IS5 102 +0 +711 +1023 5997 165.7
0.0 .2 4&6£T0 1023 124 +0C} +7 60 +1263 7811 2Z9.9
11.0 .21 5529 2710 148 +0 +778 +1529 10693 3613
12.0 .21 6503 4219 174 +0 +758 +1B19 14074 miB. &
13.0 .2 7549 7759 202 +0) +&922 +2135 18337 2.
14,0 .2 84668 13380 232 +(3 +573 +2476 253272 1089.0
15,0 .21 ga59 23922 264 +0) +3594 +2B47 I72BZ 1717.3

164" Hull, 10% Bulb, 3.9° Above BL

INFUT DATA:

LWL Ta T4 VOLUME K Cm Cwp LCERZ F/D eet.

150 16.0 13.1 414446 38.9% .91 .83 -1.48B Q.63

DIa Hb Ab 12+1 Sapp Cstern At Nprops BAR est.

10,0 z.9 3.8 1.50 194.0 +0 4.0 1 « &S

Vits Wt Rf FRw Rapp Rbt Rtr Ra Rtotal EHF
1.0 .22 &7 O 2 +0 +18 +13 100 0.3
2.0 22 241 Q & +0 +58 +52 368 2.3
3.0 .22 S10 Q 1= +0 +142 +117 783 7.2
4.0 22 869 0 235 +{3 +234 +208 13354 16.4
5.0 .22 =15 o 4 + +33 +326 2011 Z0,9
a0 22 1844 2 48 +(} +442 +4 69 28046 S1.7
.0 .21 2458 17 &4 +(r +545 +&3 3720 B8O. G
B.a .2 148 g4 a8z +( +&6 +8354 4784 117.5
g.a0 .21 I FO0 102 +0 +711 +1035 &087 168.2
10.0 .21 4769 821 124 +0 +7 &0 +1I0% 7787 279.1
11.0 .21 5695 2262 148 +0) +778 +1576 10860 353.35
12.0 .23 &LFT /00 174 +0 +758 +1876& 13594 501.0¢
12.0 .21 77T 53221 20 +0 +552 +22201 172462 &87.1
i3.0 .2 g7z28 10712 252 +0 +573 +2553 22795 oB8.7
13.0 .2 10154 19006 2a64 +0) +T74 +2931 2749 1508.6



1647 Hulil., 10% Bult, 5.0 Above BL

INFUT DATHA:

LWL T& T¥ VOLUME Iz Cm Cwp  LECEY F/D est.

150 16.0 13,1 414846 7TB.D .91 BT -1.4B 0.8&5

DIA Ht (2]e] EZ+1 Sapp Cetern At Nprope BAF est.

1.0 S5.0 IT.B 1.50 154,60 +{) 34.0 1 .65

Yiete Wt Fif Fw Rapp Fbt Htr Ha Rtotal EnF
1.0 .27 67 0 z +0 +18 +13 TTroo 0.z
2.0 .42 241 ) & +0 +&E +52 68 2.2
J.0 .22 ola e 17 +0} +142 +117 7832 7.2
4.0 27 849 O 27 +0 +274 +208 25 16.4
5.0 .22 1315 < g +0 +I36 +326 2011 30.9
6.0 22 1844 2 48 +0 +4482 +4 49 28L& S51.7
7.0 .21 2456 17 &4 + +545 +5638 3720 BO.O
8.0 .2 148 8= 82 +0 +636 +B34 4783 117.5
F.0 .21 RS 294 102 +0 +711 +1055 6083 168.1
10.0 .21 4769 819 124 +0 +74&0 +1303 7775 228.8
11.0 .21 5495 2271 148 +0 +778 +1576 10429 I52.3
12,0 .21 6697 4035 174 +0 +7 3 +1B76 17540 499, 0
13.0 .21 FITS &IT05 202 +0) +492 +2201 17175 &85.7
14.¢ .21 8928 10567 252 +0 +573 +2033 2853 EZ.3
15.0 21 10154 1874% 264 +0 +324 +2971 32492 1494.7

164" Hull, 10% Bulb, &6.0°7 Above BL

INFUT DATA:

LWL Ta T+ VOLAUME E Cm Cwp LCREY% F/D est.

150 16,0 1301 41446 JF@p.S .91 .83 ~1.49 0.65

DiAa Hb Ab F2+1 Sapp Cetern At Nprops BAR est.

10,0 6.0 SE. 1.50 154.0 +0 I4.0 1 - &5

Vikts Wt Rf Rw Rapp Rb Rtr Ra Rtotal EHF
1.0 .22 &7 0 2 +0 +18 +13 100 0.3
2.0 .22 241 ] & +0) +68 +52 368 2.3
3.0 22 510 6 13 +0 +142 +117 784 7.2
4.0 22 B&9 G 23 +1 +254 +208 1338 16.4
5.0 22 1315 0 4 +2 +I36 +326 2013 F0L, T
5.0 .22 1844 z 48 +2 +442 +449 2808 S51.7
7.0 .21 2456 156 &4 +3 +545 +4£58 372 80.0
B.O .21 3148 B1 2 +4 +636 +834 4784 117. 6
2.0 .21 3719 291 102 +5 +711 +1085 &084 168.2
106.0 .21 {749 a0s8 124 +& +750 +13032 7770 228.6
11.0 .21 S6935 2199 148 +7 +778 +15746 10404 351.5
12,0 .21 5597 374 174 +2 +758 +1876 12490 487.1
1.0 .21 77T7S 6213 202 +3 +552 +2201 17093 682, 4
1.0 ,2 g728 10414 232 +310 +573 +2553 22710 76,4
1.0 .2 10154 1R478 Py +11 +594 +2071 I22T2 1484.7



INFUT DATA:

LWL Ta TF
150 16,0 13,1
Llé Hb Ab
1.0 7.0 oo. B
Vits Wt R+
1.6 227 77 &7
2.0 22 241
.0 W22 ol0
4,0 .22 gL89
S.0 .22 1315
&.0 22 i844
.0 .2 245
8.0 .2} 2148
.0 21 2919
10,0 .2 4769
11.90 .21 54695
12.0 .21 LL97
152.0 .2 777
14.0 .21 8928
1S5.0 .2t i0ts54
INFUT DATGH:
L Ta T+
150 1.0 13.1
Dia Hb Ab
10.0 .0 81.8
Vikts Wt R+
1.0 .23 71
2.0 .23 255
.0 22 5x8
4.0 22 F17
0.0 .22 1387
&.0 L22 1?46
7.0 .22 2591
8.0 .22 321
2.0 .22 4135
10,0 22 071
1.0 22 &00g
2.0 .22 7045
13.0 W22 8202
14,0 .22 418

15.0 .22

1647 Hull, 14% Bulb, 7.0° Ahbove BL
VOLLIME |5 Cm Cwp  LCRY F/D est.
41444 ITHEH.LS .91 .BT -~1.48 0,485
FE2+1 Sapp Cetern HFt  HNproups BAR est.
1.50  1S4.0 +0 J4.0 1 - &5
Fw Rapp R Ftr Ra Rtotal EHF
““““““ oz w0 T+ig | 1% 101 0.7
U & +5 +48 +52 370 2.3
Q 1= +Q +142 +117 79 7.5
< 23 +18 +224 +208 12583 t6.6
8] T4 +3Z2 +306 +326 2047 31.4
2 48 +4£ +442 +469 2853 S52.6
156 &4 +66 +545 +6£78 I78% 81.4
8o z +85 +4H3 +834 4865 119.5
285 102 +104 +711 +10585 6178 170.8
794 124 +12 +760 +1303 7872 241.8
21461 148 +147 +778 +1576 14302 354.8
2908 174 +141 +758 +1874 13573 SO0 2
&H107 202 +17 +692 +2201 17154 484.9
16236 22 +195 +3573 +255% 22717 R7&.7
18142 264 +211 +394 +293%1 I211&6 1479.4
1647 Hull, 220% Bulb, Z.0" Above BL
VOLUME B Cm Cwp LCRZ /D est.
AT265 3B.9 .9t .BI —-1.34 0,65
FZ+1 Sapp Cetern At Nprops BAR est.
1.50 154.0 + 34.0 1 .65
Rw Rapp Fb Rt+ Ra Rtotal EHF
o 2 +( +18B +14 105 0.3
L & +0 +&6B +54 IB83 Z.4
O 1% +0 +142 +122 816 7.5
Q 2% +0 +234 +218 1391 17.1
Q 34 +0Q +3356 +340 2098 32.2
2 48 +0 +442 +/F0 2928 5.9
16 &4 +0 +545 +hH66 a8z 83.4
77 = +0 +&T +870 4986 122.5
ez 102 +0 +711 +1101 6341 173.3
732 124 +0 +7460 +1360 BOO7 235.%
2092 148 +Q +778 +1645 10672 3&0.5
4018 174 +0 +758 +1958 13973 o14.9
o?B6 202 +1 +6T2 +2298 17381 6£35.9
9397 23z +1 +573 +2665 22288 F5E.2
16230 2564 +1 +354 +3059 JI0660  1412.3



164" Hull.

INFUT DATHA:
LWt Ta TF WOLUME E '
150 16,0 1301 4T26% 3B.T .
DIa Hi Ab kiz+1 [app
10,0 4.0 g1.8B 1.50 154_0
Vits W F+ R Rapp
1.0 .23 71 o 2
2.0 .23 255 0 &
.0 .22 S Q 124
4.0 2% S17 0 2=
5.0 .22 187 0 24
5.0 .22 1944 2 48

7.0 .22 2591 = &4
8.0 .22 SOE 75 B2
.0 V22 {41735 287 102
10,0 .22 S031 71 124
11.0 .22 &00R 2053 148
12,0 .22 TOES I947 174
15.0 .22 8202 SB76 202
14.0 22 2418 L8 232
15.0 .22 10711 15931 264

1647 Hull,

INFUT DATA:
LWL Ta T+ VOLUME R
180 1&s.0 13, 472865 3B8.5 .
DIA Hh Ab S | Sapp
10.0 5.0 Bi.8 1.50 154.0
Vits Wt Rf Rw Rapp
1.0 .23 71 Q 2
2.0 .23 255 0 (=}

3.0 .22 =3 Q 1=
4.0 22 917 Q 23
5.0 22 1387 0 4
L.0 22 1946 z 48
7.0 JZF2 235%1 15 a4
8.0 .22 I3z 74 2
g.0 22 4135 281 102
10,0 .22 S0 704 124
11.0 .22 &008 2010 143
12,0 .22 TOAD 861 174
17,0 ,22 8202 73T 202
14,0 .22 9418 POEE 252
15.0 .22 146741 15878 Z2&64

0w Rulb, 4.0° #aAbove BL
Cm Cwp LCBY% F/T} est.
F1 .BTZ -—-1.324 0. 65
Cetern A HNprops BAR ecst.
+0 4.0 1 BT
(3 Fir Ra Flotal EHF
+Ci +18 +14 105 0.3
+{) +6B +5 283 Z.4
+0) +142 +122 B17 7.5
+1 +27.4 +218 1392 17.1
+1 + 306 +240 2099 2.2
+2 +442 +490 292 o4.0
+3 +545 +46b 884 8.5
+4 +&5T6 +870 4989 122.6
+5 +711 +11i01 67541 175.2
+& +7 &0 +1360 BOOG 24%5.7
+7 +77 +15645 10640 Io9.4
+£) +758 +1958 13207 912.5
+10 +592 +2298 17280 6B89.8
+11 +57X +2665 22124 o1, 2
+12 +394 +3059 JIOIT71 1FF99.0
20% Bulb. 5.07 Above BL
Cm Cwp  LCEX F/D est.
21 .83 -1.34 0,865
Cetern At HNprops BAR est.
+0 4.0 1 - 65
Rb Ftr Ra Rtotal EHF
+C +18 +14 105 0.3
+1 +468 +54 B4 2.4
+4 +142 +122 B20 7.6
+3 +234 +218 1400 17.%
+15 +33 +340 2112 I2.4
+23 +4472 +490 2950 54.4
+3I2 +345 +bbE I913 84.1
+42 +6356 +g870 5026 123.5
+57% +711 +1101 LIBT 175.4
+464 +760 +1360 BG4 287.0
+75 +778 +1645 108665 e, T
+386 +758 +1958 13902 S12.3
+97 +592 +2298 17244 &88.4
+107 +573 +2645 22028 47,0
+117 + 354 +3059 014 1388.5



144" Hull. Z0O¥W Bulb., &.0° Gbove BL

INFUT DATA:

Lu Ta T4 VOLUME k Cm Cwpx  LCEY F/D est.

1530 16,0 17,1 41269 IJE.D .91 .BT -~1.34 O &5

DIA Hb Ak 241 Sapp Cetern At  Nprope BAR est.

10,0 b B1.8 1.50 154.0 +0 4.0 1 65

Vite Wt ¥ Fw Rapp 24 ] Ftr Rea Ftotal EHF
.o 2% 71 O = +1 +18 +14 106 LT
Z.0 (23 2550 0 & +Ei +6H +54 Tel 2.4
.0 .22 538 0 13 +25 +142 +122 842 7.8
4.0 W22 17 O 23 +54 +274 +21d 1444 17.8
S.0 .22 1387 0 34 +35 +33 340 2193 3.7
6.0 .22 19454 2 4B +144 +442 +430 I072 S6.6
7.0 .22 2571 15 &4 +203 +545 +&56 4087 87.8
8.0 .22 T2 72 a8z +265 +4636 +870 0246 128.%
.0 .22 4135 274 102 +329 +711 +1101 6652 182.9

1c.0 .22 S0kl 687 124 +394 +760 +13460 BTE6 2548, 4

11.0 .22 008 1952 148 +452 +778 +16445 11000 71,4

12,0 227 7045 3768 174 +521 +758 +1758 14243 S24.9

13.0 .22 8202 S&15 202 +382 +692 +2258 7591 02,3

14.0 .22 7418 eeg17 232 +&65F +573 +2665 22744 L0, 6

15.0 .22 10711 15224 264 +434 +394 +5059 30247 1397.9

1647 Mull, 204 Bulb, 7.9° Above EBL

INFUT DATA:

LWL Ta T VOL LIME | Cm Cwp LCRY #/D est.

150 16.0 .1 43260 IB.S .21 .83 -1.34 G, 465

DIA Hb Ab 241 Sapp Cetern At Nprope RAR ecst.

10.0 7.0 81.8 1.50 154.0 +0 34.0 1 %]

Vits Wt Rf Fw Rapp Fb Rty Ra Ftotal EHF
1.0 23 71 0 2 +4 +i8 +14 109 oL
2.0 23 255 9] ) +33 +68 +54 414 2.6
I.0 .22 5Z ] 13 +101 +142 +122 218 8.5
4.0 .22 717 O 2= +214 +234 +2i8 1607 12.7
5.0 .22 1387 x x4 +372 +IT6 +340 2470 7.9
6.0 22 1944 2 438 +5450 +442 +490 3488 64.3>
7.0 ,22 2591 14 &4 +771 +545 +&66 44651 100.0
B.0 .22 S321 70 i) +9%4 +436 +B870 5973 144.7
.0 .22 4133 264 102 +122 +711 +1101 7o37 208.=

10.0 .22 5031 L£68 124 +1447 +7&40 +1360 320 2BB. =

11.0 .22 &008 i908 148 +1668 +778 +1645 12155 410, &

1z.0 .22 7O&S Isb4 174 +18E0 +758 +155 15499 D7i.%

1Z.0 ,22 202 459 2027 +20873 +&652 +2298 18934 To6,0

14.0 .22 Q41E BE7 1 272 +2E75 +573 +24665 S37E4 10720, 4

IS.0 L ze 10711 L4800 264 +24050 + 394 +5039 218684 1459.%



Atove HL

17.6

e
[ T

855.6
86.0
126.1
179.7
2502
2613

=4
wd e

&B2.7

25,0

o4 Hull, 20% bult, Z.0°7
THRFUT DATA:
LWL Ta T+ VOLUME B Cm Cwp LOCBYL F/D est.
190 1&.00 1301 47265 .S .91 .82 -1.34 0. 565
Din Hb (41 ] o+ Sapp Cetern At Hprops PBAR est.
10,0 Z.0 Bi.8 1.90 154.0 +1) 4.0 1 S
Yite Wt Fof Fw Rapp Kb Ftr Ka Rtotal
.0 .23 71 Q0 < +£) +18 +14 105
2.0 23 2855 1 & +(t +4L8 +04 283
.0 .22 I8 0 13 +0 +142 +122 Ble
4,0 .22 o917 O 23 +( +254 +218 13291
HL0 W22 1287 O T4 +0 +336 + 340 2098
H.0 22 1944 2 48 +0 +442 +40 2927
.o W22 2591 15 Y +03 +545 +bbhé 880
8.0 22 Lz 78 B2 +0 +6H56 +870 {43987
S.0 .22 4175 297 102 +0) +711 +1101 &LT4E
10,0 .22 S0 744 124 +(} +7460 +1360 8019
11.0 L, 22 o008 2127 148 +{ +77 +1645 10707
12.0 .22 7045 4085 174 +} +7358 +1958 14040
13.0 .22 8202 &087 202 + +692 +2298 17481
i4.0 22 2418 QEST7 2T2 +} +573 +2565 22444
19.0 .22 10711 15501 264 +0) +354 +3059 SOPT0
1647 Hull, 304 Bulb, 2.0 Above BL
INFUT DATA:
LWL, Ta T+ VALUME E Cm Cwp LCB% F/D est.
150 16.0 1301 43784 8.5 .21 .83 -0.B1 Q.40
Dia Hh &h E2+1 Sapp Cstern At Nprops BAR est.
10,0 2.0 135.37 1.50 124.0 + 24,0 1 . 60
Vits Wt R Fiw Rapp Fb Rtr Ra Rtotal
1.0 .23 74 O 2 +10} +13 +14 108
2.0 23 264 Q 6 +( +48 +o6 I94
T.0 .22 558 Q 13 +( +14Z2 +127 841
4.0 .22 251 0 23 +0 +2354 +225 1432
5.0 .22 1438 0 34 +1 +335 +352 2161
6.0 .22 2017 2 48 +1 +442 +507 T017
T W22 2685 14 &4 +1 +540 +651 JO00
a.a .22 Z4472 &B a2 +4 +4346 +202 5132
.0 22 4285 2681 102 +2 +711 +1i141 &30
1.0 (22 o214 &8 124 +Z +7 &0 +1409 814
11.0 .22 LZ2Z7 1853 148 +4 +778 +1705 10695
12,0 .22 7323 604 174 +4 +758 +202°9 13897
12,0 .22 a5 5319 202 +5 +HP2 +2 582 17100
14.0 .22 2761 Zi81 272 +5 +573 +2762 21515
15.0 22 11102 13973 &4 +& +794 +3171 28910

1731.7



1647 Hull, 20% Bulb., 2.9 Above BL

INFUT DATA:

LWL Ta Tf VOULLIME R Cm Cwp LCEY F/D est.
180 1&.0 1741 453784 SRS .Y .85 ~G.81 Q. &5
DIA Hb Ak FZ2+1 Sapp Cetern At Nprops BAK est.
10,0 Z.00 138B.F 1.0 154.0 +0} F4.0 1 . 65
Vite Wt Ff Rw Hapq RE IS4 Ra Rtotsa EHF
1.0 .23 74 o 2 Ten w18 +14 foa 0.3
2.0 25 264 & & +0 +&6 +36 95 2.4
.0 .22 Saa 0 13 +1 +142 +127 84z 7.8
4.0 .22 %51 0 2% +32 +2104 +225 147& 17.6
5.0 J27 1338 O =4 4+ + 06 +302 2166 333
&.0 22 =017 = 48 +E +442 +507 I024 o95.7
T.0 22 <&85 14 64 +11 +545 +691 4009 B6.2
g.0 .22 3442 &b 2 +15 +4L3I6 +202 5144 126.4
.0 .22 42895 Lob 142 +19 +711 +1141 4514 180.0
10,0 22 S2t4 67 124 +23 +760 +1409 8156 250.5
11.0 .22 &227 1792 148 +28 +778 +1705 104680 360.8
12,0 .22 TIZ3 ISZ2S 174 +52 +708 +2029 13842 210,11
12,0 22 go01 5202 202 +3X7 +592 +23582 17014 &6&79.3
14,0 .22 9761 gao e +41 +5735 +2762 21371 1.8
15,0 .22 11102 13667 264 +45 +3%4 +3Z171 2864% 1319.4

1647 HMull, J0¥% Bulb, 4.0° Above BL

INFUT DATA:

LWL Ta TF VOLUME B Cm Cwp LCREY% FP/D est.

150 16.0 13.1 43784 3B.S5 .91 .BT -0.B1 0,65

DIA Hb Ab HZ+1 Sapp Cstern At Nprops EAR est.

10,0 4.0 135.3 1.50 154.0 +0 I4.0 1 . 69

Vite Wt R¥ Flw Rapp Rk Rtr Ra Rtotal EHF
1.0 .23 74 0 z +0) +18 +14 108 0.3
2.0 .23 264 O =) +2 +6B8 +5i6 397 2.4
J.0 .22 sE8 0 13 +8 +142 +127 848 7.8
4.0 .22 P51 L] 23 +17 +234 +225 . 1450 17.8
5.0 ,22 1438 L] 34 +30 +336 +352 2171 Tz,
5.0 .22 2017 z 48 +47 +442 +507 J067 356.4
7.0 22 2685 12 b4 +&57 +545 +491 J6T 87.4
B.0 .22 442 &4 B2 +8% +&76 +902 5216 12&8. 1
F.0 .22 4285 249 102 +113 +711 +1141 &502 182.5
10,0 .22 SZ14 &0OTF 124 +1357 +7 460 +140% 23 253.5
11.0 .22 L22 1749 148 +162 +778 +1705 10770 638
12,0 .22 7I23 J43% 174 +186 +758 +2029 13910 S12.6
13,0 .22 BEO1 HOTS 202 +210 +&GF2 +2382 17067 681.2

14,0 22 G7el 780é 232 +254 +573 +2762 2136Y F1E.7
157 22 1132 17T 264 257 +594 +3171 28521 1315.8



1647 Huila. 20% bBulb., S.07 Acove BL
INFUT DATA:
L . Ta T# VOLLIME B Cm Cuwp  LCRY F/D ecst.
%0 16,0 1201 4784 GBS L%1 LB -0 81 0. &5
DIA His Ak Fa+l Sanp Cetern At Wprops  EBAR ecst.
10,0 5.0 128X 1.50 1540 +0 4.0 1 .65
Victe Wt Fit Flv Fapp b kit Ra Ftotal EHF
1.0 23 74 0 2 +1 +18 +14 10% 0.3
2.0 .27 264 0 é +11 +68 +56 402 2.5
3.0 .22 SE88 0 = +35 +142 +127 75 8.1
L0 W22 9ol O 2= +76 +2%4 +2025 1809 18.5
S.0 L2322 1478 0 T4 +175 +134 +352 2276 332
&H.0D 22 017 2 4g +208 +442 +507 22 59,4
7.0 .22 2685 1= &4 +274 +345 +671 4291 2.2
g.0 .22 442 &3 82 +387 +6T4 +Q02 58512 135,
F.0 22 4285 243 102 +485 +711 +1141 6967 192.6
10,0 .22 o214 592 124 +586 +760 +1409 8686 266.7
1.0 .22 6227 1701 148 +&6HB6 +778 +1705 11744 I79.9
12,0 .22 i I245 174 +785 +758 +2029 14415 931.2
13.0 .22 8501 4974 202 +8872 +652 +2382 17595 702.4
14,0 .22 741 7E92 sz +57 5 +S7 +27642 21896 941.4
15.0 22 11102 12947 264 +1065 +I794 +7171 289863 1374.1
1547 Hull, 30X Bulb, 6.0°7 Above RL
INFUT DATA:
Lt Ta T+ VOLUME 2 Cm Cwp LLCB% F/D est.
150 16,0 1X.01 43784 IB.S .91 .83 -0.81 0,865
DIA Hb Ah 241 Sapp Csatern At Npropz  BAR est.
1.0 .0 135,73 1.50  154.0 +0 4.0 1 - 6D
Vits Wt Rt Fw Rapp Rt Rtr Ra Ftotal EHF
1.0 23 74 G = +5 +1i3 +14 11 .3
2.0 .23 =84 G & +38 +&8 +5& =2 2.7
3.0 .22 =58 ¢ p +118 +142 +127 59 8.8
4.0 .22 Q51 o 23 +255 +2754 +225 14688 0.7
S.0 .22 1478 Q & +444 +I36 +352 2607 40,0
&.0 V22 2017 2 43 +46B81 +442 +307 RI-L g &8. 1
7.0 .22 2585 12 &4 +749 +545 +&921 4944 106, 3
8.0 ,22 2442 al LT +1%5 +63d +202 6T61 156. 3
9.0 .22 4285 235 02 +15T7 +711 +1141 8011 221.4
to.0 22 5214 S74 125 +187%8 +7560 +1409 2L 04,6
18,0 .22 62T 1448 1282 +2157 +778 +1705 12544 427 .4
2.0 W22 T2T 3241 174 +2428 +758 +2029 15953 SB7.9
12,0 .2Z2 8501 4782 202 +2708 +HP2 +2382 19287 785,52
4.0 .22 Y& 7I08 22 +IFTT +573 +2762 23661 1017.32
15,0 .27 113107 128587 284 +TATE +734 +3171 TOTFS 14154
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